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Abstract. The aim of the study is to find possible solutions to represent 
earthquake catalog data and design maps which can help students to identi- 
fy those places where earthquakes occurred frequently. The goal is to visu- 
alize all available catalog data sets in a complex way on a single map, dis- 
playing the long-term recurrence times of earthquakes. Therefore, raw data 
and aggregated data were combined with different cartographic visualiza- 
tion techniques to test the applicability of earthquake maps. Preliminary 
research demonstrates that aggregation can improve the process of retriev- 
ing information from earthquake maps and 3D visualization is useful to 
define the largest earthquakes. A second result is that 3D visualization is 
not effective in the comparison of quantities of released energy and the 
number of earthquakes. 
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1. Introduction 

As major earthquakes have occurred recently (Stein et al. 2011; 
Chen&Wang, 2011), an extensive discussion developed among seismologists 
concerning the discrepancy between the earthquakes and prediction maps 
(Kerr, 2011). Researchers analyzed the problem and they realized that these 
maps have to be retested and the communication with the local communi- 
ties must be enhanced, 

Although Hungary is not typically of the home of large earthquakes, the 
analysis of the several smaller ones, on which data is stored in the Hungari- 



an Earthquake Catalog, would be useful to indicate future ones. The Earth- 
quake Catalog indicates significantly higher seismic activity on certain are- 
as, where other earthquakes are expected in the future by seismologists 
(Toth et al 2008). The Hungarian Earthquake Catalog contains about 
25 000 earthquakes dated from 456 A.D. until present. 

The authors have already made the first attempts to find the optimal visual- 
ization technique for representing the data of the Hungarian Earthquake 
Catalog (Podor&Kiszely, 2011). 

The problems in the visualization of the data sets are as follows. (1) The 
amount of data is large, representing a catalog of a 1500-year-period; 
therefore, the symbolization of all the data on a single map is very compli- 
cated. (2) Another problem is the data quality, as data were not gathered 
two hundred years ago in the same way as today; nowadays, scientists gath- 
er instrumental and macroseismic earthquake data and deal with definition 
of earthquake focal parameters too. (3) The determination of the exact loca- 
tion of the epicenters is not uniform either throughout the Catalog. 

2. Material and Methods 
2.1. Experimental design 

In the fall semester 2012, 97 BSc students from land surveying and 12 BA 
students from public administration management participated in the In- 
formation Technology course and the introductory course of Geographical 
Information Systems. 

In visualizing earthquake data, there are several attributes which can be 
important: (1) date, (2) coordinate (epicenter or the hypocenter), (3) magni- 
tude or intensity. Traditionally, the magnitude is one of the most important 
attributes in visualizing earthquakes, but the authors found that showing 
the released energy and the number of events can be just as important as 
presenting magnitudes. Examining the possible generalization with a help 
of a Borland C++ Builder program, the authors divided the study area into 
small grids (0.1- X 0.1-), and the program counted how many earth- 
quakes occurred within one grid, and how much energy was released during 
the earthquake (E = io (15M + 4 - 8) joules, where M = magnitude of the earth- 
quakes). 

The aggregated data for these unified cells can be easily drawn on the map. 
3D visualization was also implemented as a way of representing the catalog. 
This method for aggregation can handle and reduce the problem of incon- 
sistency of the Catalog (Podor&Kiszely, 20 



2.2. Preparation of the test maps experimental tasks 

Further theories (Bertin, 1967, Mersey, 1990, Potash 1977, Robinson, 1953) 
and tradition (graduated symbols, isarithmic method) were fully considered 
by the authors of the present article while designing the test maps. 

The original database with all the data of the Hungarian Earthquake Cata- 
log was used on each map, but the data was handled differently. The au- 
thors also created and tested maps applying various cartographic methods. 

The purpose of the test was to simulate the experimental phases when stu- 
dents studying about seismicity. 

The participants conducted the experiment in a computer lab. The maps 
were prepared in ArcGIS at 1 : 2 million scale. The test generally lasted for 
45-60 minutes. It consisted of 39 questions related to 11 maps. Each ques- 
tion was connected to one map indicated at the end of the question. The 
questions were focused on (1) how well students could estimate where the 
biggest earthquakes were, (2) how well they could compare the magnitude 
and the number of earthquakes and the extent of released energy, and (3) 
how well they could prepare an ascending sequence of earthquakes of re- 
gions in Hungary. 



3. First results 
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Figure L Some test maps showing the released energy 

The simplest task proved to be the determination of the location where the 
largest earthquake occurred. In this task, the best result was connected to 
the using of 3D map. Preparing the ascendant sequence of energy release 
was the most difficult assignment for the students, though 3D maps seem to 
be very effective in this task also. A second finding is that 3D visualization is 
not effective in defining the exact number of earthquakes and released en- 
ergy, so in the visualization of earthquake catalog one should be careful 
about applying 3D visualization. These findings clarify that 3D mapping can 
be an effective tool if scaling and proper visualization are improved. 

4. Conclusion 



Comparing different visualization methods for representing Earthquake 
Catalog data, the aggregation method designed by the authors proved to be 
a useful tool in analyzing and processing large data for the students. Alt- 
hough 3D visualization was also analyzed, the result clearly shows that this 
method in defining differences of quantities was not very efficient but, on 
the contrary, in defining the highest and the lowest values of number of 



earthquakes and released energy proved to be very effective. The findings of 
the present study would be a good basis of making high quality prediction 
maps by choosing appropriate visualization methods for communicating 
earthquake hazards to the community. 
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